Related works
gathered requirements from related literature -e.g. (Topcu 2011) , (Hoyos et al. 2010) , (Dey et al. 2001) , (Vieira, 2008) , (Bulcão, 2006) , (Schmidt, 2006) -with the intention of enumerating important characteristics for the modeling of the information which influences the utilization of software and to provide guidelines to base the creation of the framework. Table 1 lists the requirements.
Requirement Purpose
I
It must support the development of contextaware software as a two-phase task: specification of context information (structure) and adaptation
The separation into two phases promotes the decoupling of aims, allowing designers to focus on specific activities related to each development phase II It must categorize the information into context dimensions By modeling the context focus and dimensions, designers are able to orderly identify and structure context information, promoting the readability of the model III It has to identify the context focus of a task
IV It must support the transfer of context information and artifacts between development phases
The effort required to perform next development steps (e.g. modeling of adaptation) is lessened by the input of artifacts from previous phases (e.g. modeling of structures) V It must promote the diversity of context information in a domain-independent manner
So that designers can model context-aware systems to automate tasks of a variety of scenarios VI It has to support the reuse of distributed computing systems such as services
To base context adaptation on web services API, e.g. Google Agenda API (GAgenda, 2011) Table 1 . Requirements for developing context-aware software (Carvalho & Silva, 2011) The following works were evaluated against the requirements (listed in Table 1): www.intechopen.com
1. CMS-ANS (Bonino et al. 2007 ), Context Management Service/Awareness and Notification Service, a framework that allows context sources to publish information and client software to be notified when specific contexts are acquired; 2. CONON (Wang et al. 2004) , CONtext Ontology, a two-layered ontology intended to promote the sharing of context structures among agents and services; 3. CMP (Simons, 2007) , Context Modeling Profile, uses stereotypes to extend the class diagram of UML to model context. In the same way, ContextUML (Sheng & Benatallah, 2005) adds stereotypes to the UML (in specific, to the class diagram) to model contextaware web services; 4. CEMantTIKA Case (Patrício, 2010) , composed of a set of customized diagrams -based on the Eclipse platform and JBoss Drools (JBDrools, 2009) -that model context structures and adaptations of context-aware software; 5. (Bastida et al. 2008) proposes WSBPEL (WSBPEL, 2007) , Web Service Business Process
Execution Language, to model adaptation based on context information extracted from software requirements; 6. (George & Ward, 2008) modify the WSBPEL engine to support the addition of context variables and sources (i.e. the sources are used to fill information in the variables); 7. CAMEL (Grassi & Sindico 2009 ), Context-Awareness ModEling Language, composed of UML-oriented diagrams made specifically to model context structures and adaptation; 8. (Yamato et al. 2010) proposes dynamic adaptations of composite web services utilizing semantic context metadata to select equivalent functionalities from clusters of web services. Table 2 shows the result of the evaluation of the works against the proposed requirements (filled cells indicate that the requirement was fulfilled). Since the aforementioned related works do not fulfill all of the requirements (described in Table 1 ), CCMF is proposed as set of activities intended to automate the analysis and development of context-aware web applications. In Section 3, the framework is described and it is discussed its association with reusable development languages, tools and artifacts. A case study in which CCMF is applied is presented in Section 4.
CCMF, Computational Context Modeling Framework
CCMF is composed of a set of analysis and development activities which are intended to lessen the effort demanded by the development of context-aware web applications. This is achieved from: (a) the reuse of artifacts and third-part tools, modeling languages and technologies and (b) the automation of the execution of targeted activities, which are described in next paragraphs.
As shown in Figure 1 , the framework is composed of two layers containing specific activities to be carried by developers. Its upper layer comprises the activities related to the definition of structures of context information and its externalization to the adaptation modeling mechanism, a WSBPEL diagram. Such externalization is made possible by the transformation of the context structures into a context medium. Provided that XML-based languages enable the interoperation of computational agents, e.g web services (Alboaie et al. 2003) , XSD (XSD, 2001) , XML Schema Definition, documents are used by the framework to enable the utilization of context by web services integrated to the WSBPEL diagram.
Respectively, the definition of context structures and the transformation of these structures into context mediums are performed by the activities identified by numbers 1 and 2.
Once the context medium is created, it can be transformed into language-specific context classes. Considering, for instance, JAVA as the development language, XMLBeans API (XMLBeans, 2009) can be used to transform the XSD schema into JAVA serializable classes. The resulting classes can be instantiated as objects that are capable of encapsulating their attributes into XML documents. Later on, web services can rely on such documents to exchange complex context data between each other, i.e. the serialization via XML documents is necessary to interoperate web services in a manner that the information about context is used to parameterized the adaptation. The generation of the serializable classes is performed by the activity number 3.
After having modeled the context structures, the developer must define how the context information must be used to automate adaptations. This activity (identified by number 4), the first one of the framework´s lower layer, depends on WSBPEL to base the context adaptation on web services. In this case, web services must be gathered and integrated to a WSBPEL diagram in order to utilize context information to parameterize responses to situations of use. Along with the deployment of the composite context-aware web service (by activity number 5), a WSDL document is created. This document describes the web service with the purpose of allowing the remote calling of its functionalities by other computational agents (e.g. handheld-embedded applications, other web services). To ease the effort required by the creation of these agents, the WSDL document can be transformed into language-specific source code (by executing the activity identified by the number 6). The source code is intended to provide ways to client software to access the composite web service in order to be served by adaptation functionalities. Provided the activities depicted in Figure 1 , CCMF is capable of:
1. Modeling structures of context information (upper layer of the framework) and the adaptation (lower layer of the framework); 2. Enabling the reuse of development artifacts, e.g. by transforming a context medium (a XSD document) into XML-based classes in order to serialize complex context data between web services; 3. Supporting the reuse of distributed computing systems such as web services. In this case, the adaptation mechanism is placed "in the cloud" and it can be reused by other computational agents over the internet.
In Section 3.1, it is described a diagram, CCMD, Computational Context Modeling Diagram, which automates the execution of activity number 1 of CCMF, the modeling of context structures, i.e. CCMD can be coupled with the upper layer of CCMF to define the sets of information which may interfere in situations of use of software. In Section 3.2 ontologies are introduced as a replacement for CCMD, being analyzed what are the necessary adaptations to be applied to the framework in order to enable the use of ontologies to model context-aware web applications.
CCMD -Computational Context Modeling Diagram
CCMD is composed of a set of stereotypes which allows the creation of diagrams to model concepts related to computational context, e.g. the context focus and dimensions. According to (Brézillon & Pomerol, 1999 ) the context focus corresponds to a step in the solution of a problem or in a decision making process. (Vieira, 2008) states that the focus can represent a relationship between an agent and a task, in which the agent is responsible for performing the task. For instance, referring to the modeling of software that bases the scheduling of meetings on computational context, the focus might indicate that a secretary (the agent) must perform the task "prepare meeting". The focus is important to context modeling because it enables developers to identify specific sets of context information in relation to the task executed by an agent. Once the focus is identified, the related information can be grouped as context dimensions. As indicated by (Brézillon & Bazire, 2005 ) the context dimensions enables the categorization of context information and have the main purpose of helping software designers to specify, model and fill information into adequate structures (Bulcão, 2006) . CCMD models the following context dimensions identified by (Abowd & Mynatt, 2000 ):
1. "Location" represents spatial characteristics of the context information; 2. "Temporal" ("Time") comprises any date/time-related information of the context; 3. "Participant" represents entities (other than the agent) which participates in the execution of the task; 4. "Motivation" ("Preferences") is related to the objectives of the agent and participants; 5. "Activity" corresponds to activities performed during the execution of the task.
The task, the context focus and dimensions are illustrated in Figure 2 . Number 1 points to the task. The context focus is represented by the stereotype linked to number 2. Number 3 is associated with the stereotypes that represent the context dimensions. 
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A concrete implementation of the stereotypes of CCMD can be generated via EuGENia (EuGENia, 2011) plugin to embed the modeling of context in the Eclipse IDE. EuGENia defines a declarative language which abstracts away the details of the coding of diagrams. The declarative metadata of CCMD is transformed by EuGENia into artifacts which input graphic-related data into Eclipse's GMF (GMF, 2010), Graphical Modeling Framework, and EMF (EMF, 2009), Eclipse Modeling Framework. As a result, it is generated a diagram (CCMD) to be used via Eclipse IDE to model context information structures. The graphical elements of CCMD are shown in Figure 3 . Next to number 1, it is represented the "Task" from which the context focus is extracted. The "Focus" is placed next to number 2. The "Preference" is modeled by the element next to the number 3. Each "Participant" is symbolized by the element pointed by number 4. The "Location" is positioned near to number 5. The "Activity" is represented by the element next to number 6. The "Temporal" ("Time") dimension is situated nearby the number 7. The instantiation of CCMF and its coupling with CCMD is described in Section 4.1. The framework is used to implement a context-aware web application. The modeling activities enumerated in Figure 1 are exemplified as well as the reuse of tools and artifacts.
Ontologies
As stated by (Noy, 2004; Chen et al. 2004) , ontologies are believed to be a key feature in the making of context-aware distributed systems due to the following reasons:
Considering that the abovementioned advantages ensure that ontologies side with the purpose of CCMF, which is to promote the reuse and interoperability of distributed computational agents (e.g. web services) with the intention of automating the creation of context-aware web applications, it is proposed the coupling of CCMF with an ontological approach. In this case, it must be surveyed how ontologies are capable of supporting the representation of context structures and the generation of context-aware adaptations mechanisms. (Bontas et al. 2005 ) defines ontology reuse as the process in which available (ontological) knowledge is used to generate new ontologies. By reusing existent ontologies the cost of implementation is reduced, since it avoids the manual codification of a new one. Moreover, two different ontologies can be bound together as one to represent concepts of broader domains, i.e. a given ontology can be associated with others with the intention of modeling concepts of a domain in order to represent the sum of the information represented by each of the combined ontologies. Therefore, the framework must be evolved as to allow the collecting and binding of ontologies with the intention of supplying structures of information to model computational context.
Another aspect of ontologies that motivates modifications on the development activities of CCMF is related to their capability of having a dual purpose (Reinisch et al. 2008) : ontologies are able to represent knowledge and also to store and generate instances of such knowledge to interoperate agents. In comparison with the set of activities of the former framework (Figure 1 ), the handling of CCMD and the XSD/XML-based artifacts can be replaced by ontologies, because they can be accessed directly by the web services of the context-aware composition in order to enable the saving and retrieval of the context information. As a consequence, the effort required to model a context-aware composite web service is lessened, because it is not necessary to deal with the instantiation and manipulation of serializable objects and XML documents, i.e. the utilization of ontologies causes the removal and substitution of activities from the original framework (the one illustrated in Figure 1 of Section 3).
The modified framework is shown in Figure 4 . The activity identified by number 1 represents the collecting and binding of existent ontologies in the making of a new one, which must be suitable to model information of the context-aware application's domain. The second activity is that of customizing the ontology to better represent context information. This activity can be exemplified by the definition of associations between natively dissociated classes and/or the addition of new classes and attributes to candidate ontologies. The third activity creates the context adaptation and bases it on the utilization of composite web services. The web services of the composition are able to add and select instantiated individuals from the ontology in substitution to serializations via XML documents. The deployment of the composite web service is performed by activity number 4. The generated WSDL contract is reused in the making of client software by activity number 5.
Thus, the adapted framework, hereafter O-CCMF, Ontology-driven Computational Context Modeling Framework, is able to (re)use ontologies through a smaller set of activities dedicated to the development of context-aware web-applications.
Fig. 4. O-CCMF -Ontology-Driven Computational Context Modeling Framework
The two versions of CCMF, the one coupled with CCMD and O-CCMF are exemplified as study cases in Section 4. They are used to develop the same context-aware web application. Later on, both approaches are evaluated against the requirements identified in Section 2 (Table 1) .
Case studies
As a proof of concept of the application of CCMF and O-CCMF, it is proposed the creation of a context-aware meeting alert application. The frameworks are used to model and develop an application that must send alerts to participants of meetings according to the requirements defined by (Antoniou et al. 2007 ):
1. If the participant is located near to the place where the meeting is going to happen, he must receive an alerting message 5 minutes before the meeting; 2. If the participant is located in a place far from where the meeting is going to happen, the message must be sent within 40 minutes; 3. If the meeting is going to happen in the rush hour, 10 minutes are added to the interval; 4. If it is raining, another 10 minutes are added; 5. If the meeting's subject is about giving a class, 30 minutes are added in order to allow the participant to prepare himself for the class.
Developing the meeting alert application with CCMF
The first activity of the framework is that of modeling the context information structures. Figure 5 shows a graphical instantiation of CCMD which is used to represent the context data that parameterizes the context adaptation of the meeting alert application. The element next to number 1 represents the task under which a context focus is identified (next to number 2). The focus aids designers in determining the specific set of context information that is necessary to enable the adaptation, i.e. the combination of tasks and focus helps designers to restrain the scope of analysis of context structures. Once the focus is identified, the datasets of context information can be added to CCMD. The meeting is symbolized by the element next to number 3. The location of the meeting is represented by the element next to number 5. The temporal dimension is represented by the element identified by number 6 and contains information about the starting and ending datetime of the meeting. The list of participants is represented by the element next to number 4. Each participant has its own geographic location (latitude/longitude coordinates) which is represented by the element next to number 7. The locations of the participants are used to calculate their distances from the location of the meeting. The preferable weather condition is represented by the element next to number 8. After using CCMD to define context structures, a context medium must be generated (activity 2 of the framework). The purpose of the context medium is to integrate the framework with different sources of context information (e.g. CCMD). Figure 6 shows an excerpt from a XSD document generated by the CCMD that represents the meeting and its location, its participants and the date/time-related information. The context medium (XSD document) enables the framework to transform the context structure into other formats of reusable artifacts. For instance, in order to interoperate the web services, with the purpose of implementing the context adaptation of the meeting alert software, the XSD document can be converted into serializable JAVA classes (by the XMLBeans API). This transformation corresponds to the third activity of the framework and it generates a library that makes possible the exchanging of context data between web services, e.g. a certain web service fills context information into a serializable object, which automates the creation of a XML document that is serialized toward other web services. By receiving the XML document as an input, the targeted web service deserializes the context information back into a high level JAVA object. Figure 7 illustrates an example of a XML document which serializes context information related to a meeting. Once the modeling of the context structures is made available, it must be defined how the software is adapted to situations of use. Prior to designing the adaptation, using the BPEL Visual Designer for Eclipse IDE (BPELEclipse, 2010), web services has to be found so to make possible the collecting and processing of the context data. Table 3 lists services API's used to automate the adaptation of the meeting alert application.
<data:meetings title="Meeting professor Paulo Caetano" description="Meeting professor Paulo Caetano to talk about the dissertation" xmlns:data="http://www.data.agenda.adapters.google.unifacs.edu.br"> <data:location address="Rua Ponciano de Oliveira, 126, Rio Vermelho, CEP 41950-275, Salvador, Ba, Brasil"> </data:location> <data:temporal start="2011-08-23T17:30:00.000-03:00" end="2011-08-23T18:30:00.000-03:00"> </data:temporal> <data:participant name="luis paulo" email="luispsc@yahoo.com.br"></data:participant> <data:participant name="paulo caetano" email="paulocaetano.dasilva@gmail.com"> </data:participant> </data:meetings> <complexType name="meeting"> <sequence> <element name="location" type="gagenda:location" minOccurs="1" maxOccurs="1"/> <element name="temporal" type="gagenda:temporal" minOccurs="1" maxOccurs="1"/> <element name="participant" type="gagenda:participant" minOccurs="0" maxOccurs="unbounded"/> </sequence> <attribute name="title" type="string"></attribute> <attribute name="description" type="string"></attribute> </complexType> API/Service Usage Google Agenda
It supplies information about meetings Yahoo Weather Forecast
It offers information about weather conditions Google Geocoding (GGCoding, 2011) It converts address-based locations of meetings to geographic coordinates Google Geodirections API (GDirections, 2011) It calculates the distance from each participant to to meeting's location Table 3 . Services API's used to automate the adaptation of the meeting alert application
The XML document in Figure 7 contains data retrieved from a web service based on the Google Agenda API. Figure 8 shows an example of an event added to the user's agenda. Next to number 1, it is shown the title of the event. Its description is placed near to number 2. Next to 3, the event's starting and ending date and time are shown. Event's location is identified by the number 4. The list of participants is placed near to number 5. The WSBPEL diagram illustrated in Figure 9 models a workflow in which the web services of Table 3 are used to automate the context adaptation. The action identified by the number 1 request events from Google Agenda. The location of the event is processed to determine the weather condition in the area where the meeting is going to happen. This is performed by the action identified by number 2. Since the location of the event is not expressed as a latitude-longitude pair, Google Geocoding is executed to translate the address of the event into geographic coordinates (next to number 3). The distance from each participant to the event's location is calculated by Google Directions (near to the number 4). Once all of the context information is retrieved and processed by the web services, the WSBPEL diagram evaluates the amount of time within which the alert messages must be sent to participants. If the participant is located near to event's location 1 , the message is sent within 5 minutes. If not, the message is sent within 40 minutes (conditional test next to number 5). If it is going to rain (test placed near to number 6), another 10 minutes are added. If the event happens during the rush hour, the interval is increased in 10 minutes (condition evaluated next to number 7). If the event is about giving a class 2 , another 30 minutes are added to the interval so that the participant will be able to ready himself in order to give the class. After the modeling of the context adaptation, the BPEL designer is able to generate a WSDL document that externalizes the new generated composite web service to client applications. Figure 10 shows an example of the result of the adaptation supplied by the meeting alert web service. 
Coupling CCMF and Ontologies
The O-CCMF can, as well, be used to develop the meeting alert application. In this section, its activities are performed to re-implement the software.
The first activity of O-CCMF is that of finding the appropriate ontologies to enable the modeling of context information. For instance, in relation to the meeting alert application, SOUPA, Standard Ontology for Ubiquitous and Pervasive Applications, (Chen et al. 2004) can be used for this purpose. SOUPA comprises two sub-ontologies, SOUPA Core and SOUPA Extension, which contain, among others, classes suitable for the representation of meetings. In Figure 11 , such classes are highlighted (in yellow). Fig. 11 . Classes of SOUPA (Chen et al. 2004 ).
Considering the set of context information contained in Figure 5 , SOUPA must be coupled with other ontology in order to represent weather conditions, since the adaptation requires the evaluation of such information prior to furnishing context adaptation. With that purpose, the OWEATHER, Weather Ontology, (Gajderowicz, 2008 ) is bound to SOUPA to provide classes which enable the modeling of weather-related information. Figure 12 shows To participant identified by 'luispsc@yahoo.com.br' the alert message must be sent within 50 minutes! To participant identified by 'paulocaetano.dasilva@gmail.com' the alert message must be sent within 15 minutes! the three layers of abstraction of the OWEATHER ontology. The upper layer, Class Level 1, contains a top generic Weather class under which grouping classes (e.g. Wind, Precipitation at Class Level 2) are defined. Class Level 3 contains classes that represent specific natural phenomena (e.g Gusting, Rain).
Fig. 12. Classes of OWEATHER (Gajderowicz, 2008).
The union of SOUPA and OWEATHER produces a new ontology, MAO (Meeting Alert Ontology), which enables the modeling of the context structures for the meeting alert application. Table 4 relates the classes contained in MAO to the context information defined using CCMD (in Figure 5) . Table 4 . Ontology classes to represent context information.
The resulting ontology can be populated by information related to meetings. In Figure 13 , number 1 points to a "MeetingEvent" individual (instance of the "MeetingEvent" class of MAO) being exhibited by Protégé (Protégé, 2011) . Protégé is a free, open-source platform that provides a suite of tools to construct domain models and knowledge-based applications with ontologies. Number 2 identified the class-to-class properties of the event, i.e. its relation with other complex classes of the ontology. The "hasParticipant" element represents an association between an event and its participants, i.e. the individuals "LuisPaulo" and "PauloCaetano" that are instances of the class "Person". The "hasStart" and "hasEnd" elements are related, respectively, to the starting and ending date and time of the event (they are instances of the "Time" class). The "locatedAt" element is intended to represent the spatial location of the event, i.e. the place where the meeting is intended to happen. The ontology also supplies information about the meeting's title and description (elements pointed by number 3). Although, it is possible to combine different ontologies in the production of a new one, e.g. the combination of SOUPA and OWEATHER produces MAO, it is necessary to adapt the ontology to better express the context information. For instance, Event and Meeting were two dissociated concepts of SOUPA, but, considering the meeting alert application, they had to be combined in a single class, MeetingEvent, so that it would supply a unique way to represent meeting-related events. This adaptation exemplifies the execution of activity 2 of the O-CCMF (as illustrated in Figure 4 ).
The meeting event information of Figure 13 was retrieved from a web service based on the Google Agenda API and stored in MAO using the OWL API (OWLAPI, 2011). The composite web service (the one illustrated in Figure 9 of Section 4.1) was altered with the intention of using the OWL API and ontologies (SOUPA and OWEATHER grouped in MAO) as a replacement for the XML serializable classes (i.e. the JAVA XML Beans classes originated from XSD documents). In this case, the ontologies promote the sharing of a common vocabulary that replaces the serialization of context information via XML documents. As a concrete example of this form of interoperability, Figure 14 illustrates how individuals retrieved from Google Agenda are added to MAO with the intention to parameterize the execution of other web services, e.g. the one originated from the Google Geocoding API. This is done by the "getEventEntries" method that selects event entries found in user's agenda and inserts them in the meeting alert ontology. Once the Geocoding converts the address of the meeting to geographic coordinates, they are compared to the current location of the participants to determine how far/near they are from meeting's location. The location is also used by Yahoo Weather Forecast to evaluate the rain likelihood, i.e. the service analyzes the weather-related information to determine if it is going to rain in the area where the meeting is intended to happen. Considering the scenario depicted in Figure 14 , the context adaptation is less influenced by the overhead of modeling serializations via XML. In the making of the meeting alert web application, for instance, it was possible to produce web services which took no parameters as input and, likewise, returned no output, because the context information was selected and saved directly to the ontology (no serialization of context information needed). As a consequence, the modeling of the context adaptation can rather rely on choreographed web services in substitution to orchestrations. Figure 15 illustrates the difference between orchestration and choreography (Gábor et al. 2004 ). The orchestration (left side of Figure 15 ) requires that the execution of web services is controlled by one agent which describes how services interact with each other. The WSBPEL, for instance, is an orchestrator of web services. In a choreography (right side of Figure 15 ), each web service involved in the process describes the part they play in the interaction which is performed in a collaborative manner.
The choreography can be exemplified by the interaction between the Geocoding and Directions web services. The Directions web service is able to extract the geographic coordinates inserted into the ontology by the Geocoding web service. This is performed in a i.e. choreographed manner, since the direct manipulation of the meeting alert ontology by the web services promotes an internalized sharing of context information, without the intervention of controlling agents, such as an orchestration mechanism. As an opposite example, the WSBPEL diagram (e.g. the one illustrated in Figure 9 , Section 4.1) is responsible for transferring the context information from one service to other, i.e. using WSBPEL, software designers must model an appropriate sequence of actions so that the context information is interchanged among services. In this case, the WSBPEL workflow acts like a controlling agent.
Comparing CCMF and O-CCMF
Provided the two scenarios of development of context-aware web applications, the ontological approach, O-CCMF, leads on a reduced framework in comparison with the former version, CCMF, because ontologies have the characteristic of being artifacts suited for both the storage and sharing of information among computational agents. The meeting alert ontology, for instance, represents structures of context information and, too, it encloses the instances of its own ontological classes (individuals). On the contrary, considering that CCMF utilizes CCMD to only model the context information with no regard as to afford the mechanisms to allow the direct storage and instantiation of its classes as concrete objects, it is required from CCMF the transformation of CCMD into XSD/XML documents to support the sharing of context information. Consequently, as computational agents are able to add and select individuals directly from ontologies, the context adaptation can be automated by a workflow that groups and interoperates web services in a collaborative manner, i.e. the adaptation is served to client software by choreographed web services as a replacement to orchestrated ones, in a way that the orchestration eases the modeling of the adaptation by not requiring the provision of serializations. Table 5 . Evaluating the frameworks against the requirements.
CCMF and O-CCMF are capable of assisting developers in the creation of context-aware web applications. Adopting one or the other as development framework is a matter of deciding what it is the intended context information source: diagrams such as CCMD or ontologies. Another criterion would be the intended method of creating composite web services to serve context adaptation to client software: orchestrated (CCMF) or choreographed (O-CCMF) web services.
Conclusion and future work
Related works, as those described in Section 2, are likely to subject the modeling and development of context-aware applications to the utilization of ontologies or diagramsoriented solutions (e.g. stereotyped UML class diagram). By introducing CCMF, a modeldriven framework, and its ontology-oriented variation, O-CCMF, this work points to a heterogeneous scenario where context information is collected from different sources and adaptations are served by varied web services. Such diversification demands adaptive approaches from development solutions, as, for instance, the ability to deal with different modeling technologies (e.g. ontologies, diagrams) in a decoupled manner. Instead of favoring one specific form of development of context-aware web applications, CCMF and O-CCMF promote the reuse of a mixed set of artifacts, tools, API's, information and functionalities sources.
In regard to CCMF, its coupling with CCMD intends to grant to developers an immersive environment in which concepts of computational context (context focus and dimensions) orients the design of context information and adaptation. An advantage that is not provided by O-CCMF. However, contrary to ontologies, CCMD (and CCMF, consequently) does not rely on a single artifact to represent classes and instances of context information. Thus, CCMF has to be coupled with extra mechanisms (e.g serializable JAVA classes) to workaround such limitation which is naturally overcame by O-CCMF.
Both frameworks rely on web services to automate context adaptation and to serve it to remote clients across the internet. One advantage that arises from this approach is that of making possible the addition of further context information and adaptation steps to enhance context-awareness mechanisms. For instance, improvements in the Google Agenda API can be automatically propagated to client software without needing to distribute modification patches. Conversely, faulty web services might lessen the quality of served adaptations. For example, in case a specific functionality of the Google Agenda API either becomes deprecated or fails to retrieve some important context information, client software may not succeed in supplying context-awareness to end users.
Currently, the following tasks must be carried out in order to supplement this work:
1. The ontology-driven framework must be evaluated against further study cases to analyze weather the WSBPEL diagram can be decoupled from the framework in order to favor other composition mechanisms, e.g. the WSCI, Web Service Composition Interface (Gábor et al. 2004) , which is representative of the choreography approach; 2. Reasoning mechanisms based on the semantics supplied by ontologies must be surveyed in order to enhance the adaptation. For instance, the conditional test that evaluate if the participant is the same location of the event could be inferred from the ontology by the web service that schedules the alerts; 3. The ontological approach promotes the binding of existent ontologies in the definition of domain-specific context information. Therefore, the searching for fitting available ontologies must be adequately supported by the framework. It must be surveyed how this activity can be better assisted by the coupling O-CCMF with available third-part tools and processes.
